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(54) Direct injection diesel engine 



(57) Cleaning of exhaust gas and reduction of fuel 
costs are aimed at while realizing homogenious charge 
(or pre-mixing) compression ignition combustion and 
performing fuel injection in a suitable manner in ail re- 
gions of engine operation. In a direct injection diesel en- 
gine there are provided an conventional injection mode 
in which fuel is injected with a timing (I) in the vicinity of 
the compression top dead center of piston (1 ) and a ho- 
mogenious charge compression injection mode in which 
fuel is injected with a timing (II to V) which is earlier than 
that in the conventional injection mode, and such that 



fuel ignition does not occur at least until injection has 
been completed, fuel injection being performed by the 
conventional injection mode during full load operation of 
the engine and fuel injection being performed by the ho- 
mogenious charge compression injection mode during 
part (low/medium) load operation of the engine. Ordi- 
nary diffusion combustion is realized when operating the 
engine under full load yet while receiving the benefit of 
amelioration of exhaust gas etc due to homogenious 
charge compression ignition combustion; thus, suitable 
fuel injection can be implemented over the entire oper- 
ating range. 
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Description 

[0001] The present invention relates to a direct injec- 
tion diesel engine and in particular relates to a direct 
injection diesel engine wherein the cleaning of exhaust 
gas and improvement in fuel consumption are effected 
by performing homogenious charge compression igni- 
tion combustion. 

[0002] In recent years, demands for environmental 
measures relating to internal combustion engines, in 
particular diesel engines, have become increasingly 
strong and various means such as diesel particulate fil- 
ters (DPF) that capture soot such as black smoke or 
NOx catalysts that effect cleaning by reducing NOx are 
being provided. In addition, various combustion sys- 
tems are being studied in order to respond to demands 
for lowering fuel consumption with the aim of basically 
eliminating black smoke or NOx and, in addition, lower- 
ing co 2 . 

[0003] However, DPF or NOx catalysts of the contin- 
uous regeneration type, which have recently been at- 
tracting attention, are restricted in regard to the temper- 
ature at which they function effectively; in particular, they 
have problems such as not functioning effectively in the 
region of low/medium engine load, where the tempera- 
ture of the engine exhaust gas is low. Also, in the case 
of the above DPF or catalysts, when the reducing agent 
HC is added from the fuel, this is accompanied by a de- 
terioration of fuel consumption. 

[0004] In view of the above, it is preferable from the 
technical standpoint to improve combustion itself. 
[0005] One way of doing this which has recently at- 
tracted attention is homogenious charge (or pre-mixing) 
combustion, in which ignition is effected after pre-mixing 
the fuel within the combustion chamber by altering the 
fuel injection timing from the normal timing to make use 
of the time from the start of fuel injection up to ignition. 
It is known that low NOx and low smoke can be achieved 
by such homogenious charge combustion. 
[0006] Known ways of achieving homogenious 
charge combustion include early injection of fuel relative 
to the fuel injection timing in the case where ordinary 
diffusion combustion is performed (typically, BTDC 10° 
to ATDC 10°) and the achievement of homogenious 
charge combustion by prolonging the ignition lag period 
by retarding the timing. 

[0007] However, retarding the fuel injection timing al- 
ways results in a timing wherein the combustion period 
departs from the top dead center such that deterioration 
of thermal efficiency is difficult to avoid, and it is there- 
fore undesirable since this is accompanied by deterio- 
ration of fuel consumption. Early fuel injection is there- 
fore considered preferable, since the combustion period 
can be set in the vicinity of the top dead center so as not 
to be accompanied by deterioration of fuel consumption. 
[0008] However, homogenious charge combustion in 
which fuel is injected earlier than usual (this is called 
homogenious charge (or pre-mixing) compression igni- 



tion combustion) is subject to the following problems. 
[0009] First of all, homogenious charge compression 
ignition combustion cannot be performed in all operating 
regions of the engine. This is because higher rates of 

5 fuel Injection under full load result in ignition starting be- 
fore the engine reaches the vicinity of the top dead cent- 
er, resulting in severe knocking, which damages the en- 
gine. Another reason is that even if ignition starts in the 
vicinity of the top dead center, subsequent combustion 

10 proceeds all at once, resulting in a rise in combustion 
temperature and increased NOx. 
[0010] Next, in homogenious charge compression ig- 
nition combustion, since the fuel is injected when the 
piston is lower than normal, if the injection angle is not 

is correctly set, the fuel that is injected sticks to the inside 
wall of the cylinder, tending to cause an increase in un- 
burnt HC and/or oil dilution, which tends to result in a 
deterioration in fuel consumption. 
[001 1 ] The present invention was made in view of the 

20 above problems, its object being the implementation of 
suitable fuel injection in ail engine operating regions, 
cleaning of exhaust gas and reduction in fuel consump- 
tion, while implementing homogenious charge com- 
pression ignition combustion. 

25 [0012] According to the present invention, in a direct 
injection diesel engine comprising a combustion cham- 
ber defined by a cylinder, cylinder head and piston, a 
cavity formed as a recess in the piston defining and 
forming part of the combustion chamber, and a fuel-in- 

30 jection nozzle that injects fuel into the combustion cham- 
ber, and in which there are provided an conventional in- 
jection mode in which fuel is injected from the fuel injec- 
tion nozzle with a timing in the vicinity of the compres- 
sion top dead center of the piston, and a homogenious 

35 charge compression injection mode in which fuel is in- 
jected from the fuel injection nozzle with a timing that is 
earlier than that in the conventional injection mode and 
such that fuel ignition does not occur at least until injec- 
tion has been completed, fuel injection is performed by 

40 the conventional injection mode during full load opera- 
tion of the engine and fuel injection is performed by the 
homogenious charge compression injection mode dur- 
ing part (low/medium) load operation of the engine. 
[0013] In this way, during part load operation of the 

^5 engine, fuel injection is performed with the homogen- 
ious charge compression injection mode, achieving ho- 
mogenious charge compression ignition combustion 
and making it possible to obtain benefits such as an 
amelioration of [the amount of] exhaust gas and, in ad- 

50 dition, during operation of the engine under a full load, 
fuel injection is performed with the conventional fuel in- 
jection mode, so conventional diffusion combustion is 
achieved; as a result appropriate fuel injection can be 
performed over the entire range of engine operation re- 

55 gions. 

[0014] Preferably, an excess air ratio X of less than 
2.5 is identified as full load operation, and fuel injection 
is performed in the conventional injection mode in this 
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case, and an excess air ratio X of at least 2.5 is identified 
as part load operation, and fuel injection is performed in 
the homogenious charge compression injection mode 
in this case. 

[0015] Also preferably the Injection angle of the fuel 5 
injection nozzle with respect to the nozzle axis is a fixed 
angle such that in the conventional injection mode fuel 
reaches the inside wall of the cavity on the outside in 
the radial direction from the lowermost position of the 
cavity, and in the homogenious charge compression in- 10 
jection mode fuel reaches at least the inside wall of the 
cavity. 

[0016] In this way, since the fuel is injected in the ra- 
dially outer direction from the lowermost position of the 
cavity in the conventional injection mode, fuel can be is 
injected into the interior of the cavity both in the conven- 
tional injection mode and in the homogenious charge 
compression injection mode, making it possible to pre- 
vent fuel from adhering to the side wall within the cylin- 
der in the homogenious charge compression injection 20 
mode and also preventing fuel accumulation in the vi- 
cinity of this lowermost position. Thereby, discharge of 
unbumt HC can be prevented. 

[0017] Preferably the injection angle is less than 
67.5°. 25 
[0018] Also preferably the timing of commencement 
of fuel injection in the homogenious charge compres- 
sion injection mode is subsequent to 50° before com- 
pression top dead center and prior to 20°. 
[0019] Preferably a protrusion is formed in the middle 30 
of the bottom wall of the cavity, the sidewall of the cavity 
being constituted with a face such that throttling is not 
formed at the cavity inlet. 

[0020] Figure 1 is a cross sectional view illustrating 
the interior of an engine according to an embodiment of 35 
the present invention. 

[0021 ] A preferred embodiment of the present inven- 
tion is described below with reference to the accompa- 
nying drawings. 

[0022] Figure 1 is a cross sectional view showing the *o 
interior of a direct injection diesel engine according to 
this embodiment. As shown in the Figure, a cylinder 
head 4 is mounted with the aid of a gasket 3 at the top 
of a cylinder 2, piston 1 being provided so as to be free 
to reciprocate vertically within cylinder 2. A combustion 45 
chamber 5 is defined by this piston 1 , cylinder 2 and cyl- 
inder head 4. A cavity 6 is provided at the top of piston 
1 ; cavity 6 defines part of combustion chamber 5. A fuel- 
injection nozzle 7 for injecting fuel into combustion 
chamber 5 is provided in cylinder head 4. The tip of fuel- so 
injection nozzle 7 projects into the interior of the com- 
bustion chamber 5 and a plurality of jets 8 are provided 
at its tip. 

[0023] The axes of piston 1 , cylinder 2, fuel-injection 
nozzle 7 and cavity 6 are arranged on the same axis C. 55 
These are therefore all arranged coaxially. The jets 8 of 
fuel injection nozzle 7 are arranged at equal intervals in 
the circumferential direction in positions at the same 



height on this axis C, being directed so as to inject fuel 
with a prescribed injection angle 0 with respect to axis 
C, respectively. In the Figure, the angle (opening angle) 
which is made by corresponding injection axes repre- 
sented symmetrically about axis C is shown as 26; the 
half value 6 thereof is the injection angle of fuel injection . 
Cavity 6 has a symmetric shape with respect to axis C. 
[0024] In this case, the engine could be a diesel en- 
gine of the injection pump type comprising an electronic 
governor in which the fuel -injection rate and injection 
period etc of the engine are electronically controlled in 
accordance with the engine operating condition, but is 
preferably a common rail type diesel engine, since this 
offers a greater degree of freedom in respect of the in- 
jection period. In the case of the common rail type, fuel- 
injection nozzle 7 can be an injector comprising an elec- 
tronic actuator (electromagnetic solenoid etc). Engine 
operating condition detection means are provided for 
detecting engine operating condition such as engine 
speed and engine load; this includes at least intake rate 
detection means (airflow sensor etc) for detecting the 
rate of engine air intake. In addition, an electronic con- 
trol unit is provided that calculates and determines the 
target fuel injection rate and injection period etc from 
these detected engine operating conditions and effects 
fuel injection corresponding to this target value. 
[0025] Cavity 6 constitutes a so-called toroidal com- 
bustion chamber shaped as a shallow dish, having a 
shape with a surface area that is as small as possible. 
A gently rising protrusion 9 is formed in the middle of the 
bottom wall in the combustion chamber, where the air 
utilization rate is low. Also, the sidewall 10 of cavity 6 is 
constituted solely by surfaces such that no throttling of 
the cavity inlet is formed. That is, all surfaces of the side 
wall 10 either diverge from the axis C in the upwards 
direction or are parallel with axis C, so that no surface 
exists that approaches axis C in the upwards direction. 
In other words, only surfaces that open upwards or run 
vertically are present; there are no surfaces that open 
downwardly. Thus, cavity 6 does not constitute a so- 
called re-entrant combustion chamber having a lip. 
[0026] A plurality of piston positions are shown in the 
Figure. The highest one of these (I) that is shown is a 
position in the vicinity of the compression top dead cent- 
er; this is a position contained between 10° before the 
compression top dead center (BTDC) and 10° after the 
compression top dead center (ATDC). The positions fol- 
lowing this, moving downwards, are BTDC 20° (II), 30° 
(III), 40° (IV), 50° (V) and 60° (VI). 
[0027] Also, a plurality of injection angles are shown 
in the Figure; taken in order respectively from the top, 
these are 6=77.5°, 70°, 62.5°, and 55°. Expressed in 
terms of 26, these are 28=155°, 140°, 125° and 110°. 
[0028] Next, the engine of this embodiment is provid- 
ed with two fuel-injection modes, namely, an conven- 
tional injection mode and a homogenious charge com- 
pression injection mode. 

[0029] The conventional injection mode is a mode in 
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which fuel is injected from fuel-injection nozzle 7 with a 
timing in the vicinity of the compression top dead center 
of the piston and is a mode in which fuel injection is per- 
formed with the same timing as in the case of an ordinary 
engine. Specifically, injection of fuel is commenced at 
some time between BTDC 10° and ATDC 10°. As well 
as a single injection in which all of the injection amount 
is injected at a single injection, this conventional injec- 
tion mode may include double injection, in which a pilot 
injection of small quantity is performed before the main 
injection, in which the remaining amount is injected. In 
the case of double injection, the starting time of the later 
i.e. the main injection is between BTDC 10° and ATDC 
10°. Thus, for example in the case of single injection, 
the combustion mode adopted is a diffusion combustion 
mode, in which the fuel that was injected in the initial 
period of fuel-injection ignites after an ignition lag time 
and by continued injection of fuel into the flame which 
is thereby produced, this fuel is burnt 
[0030] However, in the case of diffusion combustion, 
since fuel newly injected into the flame is burnt, the fuel 
must be burnt by supplying it into a region where there 
is originally little oxygen, and therefore smoke tends to 
be produced. This may therefore be combined with a 
homogenious charge compression injection mode, as 
follows. 

[0031] The homogenious charge compression injec- 
tion mode is a mode in which fuel is injected from fuel- 
injection nozzle 7 with a timing earlier than the conven- 
tional injection mode and in which fuel ignition will not 
occur at least until injection has terminated. More spe- 
cifically, fuel injection is commenced at a timing between 
BTDC 50° and 20°. This timing is a timing such that fuel 
ignition commences after completion of fuel injection. In 
the same way as described above, the homogenious 
charge compression injection mode includes double in- 
jection, in which a pilot injection is performed, in addition 
to single injection. In the case of double injection, the 
starting time of the main injection is between BTDC 50° 
and 20°. For example, the combustion mode which is 
adopted in the case of single injection is a homogenious 
charge compression injection mode, in which fuel is in- 
jected in a condition in which the temperature and pres- 
sure within the cylinder are not yet sufficiently high, so 
that the ignition lag period is increased and premixed 
vapor is formed by thorough stirring and mixing of the 
fuel and the air within combustion chamber 5 and, after 
completion of fuel injection, the premixed vaporthat has 
been diffused substantially throughout all the regions 
within combustion chamber 5 with the rise in pressure 
and temperature within the cylinder is ignited, producing 
combustion. Since combustion occurs after all of the fuel 
has mixed with air and has been uniformly diluted within 
the combustion chamber, the combustion takes place 
with the fuel being surrounded by a generous amount 
of oxygen, so smoke can be prevented, the rate of com- 
bustion is comparatively gentle, and the combustion 
temperature does not rise abruptly so that production of 



NOx can be prevented. 

[0032] However, as described above, in the case of 
operation of the engine under full load, the problem of 
knocking etc occurs, making it impossible to implement 
5 the homogenious charge compression injection mode 
(homogenious charge compression ignition combus- 
tion). 

[0033] Accordingly, in this embodiment, fuel injection 
is performed in the same way as ordinarily by the normal 

io injection mode when operating under full load but when 
operating under part (low/medium) load i.e. at lower load 
than this, fuel injection is performed by the homogenious 
charge compression injection mode. In this way, homog- 
enious charge compression ignition combustion, which 

15 js advantageous for cleansing exhaust gas, can be uti- 
lized while appropriate fuel injection is performed in all 
operating regions. 

[0034] It is possible to make the decision regarding 
the mode changeover timing or which mode is to be em- 

20 ployed by reference to the magnitude of the rate of fuel 
injection but, in this embodiment, the decision is made 
by reference to the magnitude of the rate of excess air. 
It has been found by experiment that the occurrence of 
diesel knocking in homogenious charge combustion is 

25 largely dependent on the ratio of excess air X; it has 
been confirmed that severe diesel knocking occurs at a 
ratio of excess air X=less than 2.5. The case where the 
excess air rate X is less than a prescribed value, in this 
embodiment, 2.5, is therefore identified as full load op- 

30 eration and fuel injection is then performed in the con- 
ventional injection mode. In contrast, thecase where the 
excess air ratio X is 2.5 or more is identified as part (low/ 
medium) load operation, and fuel injection is performed 
in the homogenious charge compression injection 

35 mode. 

[0035] More specifically, the electronic control unit 
calculates the excess air ratio X f rom the actual air intake 
rate detected by intake rate detection means and the 
target fuel injection rate, and if X < 2.5, performs fuel 
40 injection in accordance with the conventional injection 
mode, and if X > 2.5 performs fuel injection in accord- 
ance with the homogenious charge compression injec- 
tion mode. 

[0036] In this embodiment, two modes are implement- 
's ed using a single fuel injection nozzle 7 having fixed jets 
8. If therefore the injection angle 6 of the fuel injection 
nozzle 7 is made too large with respect to the conven- 
tional injection mode (i.e. the opening angle 29 is wid- 
ened), as the piston is lower in the homogenious charge 
so compression injection mode, the fuel mist does not enter 
the cavity 6 but collides with the inside wall of cylinder 
2, tending to increase unburnt HC and/or dilute the oil. 
Also, if the injection angle G is made too small with re- 
spect to the homogenious charge compression injection 
55 mode (i.e. the opening angle 26 is narrowed), when in 
the conventional injection mode, the fuel mist collides 
with the bottom of cavity 6 and accumulates in cavity 6, 
tending to increase unbumt HC etc. For this reason, in 
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order for the two modes to co-exist, the injection angle 
6 of the fuel-injection nozzle 7 is set as below. 
[0037] Specifically, the injection angle e is set at a 
fixed angle such that in the conventional injection mode 
the fuel reaches the inside wall of the cavity on the ra- 
dially outer side from the lowermost position of cavity 6 
and, in the homogenious charge compression injection 
mode, the fuel reaches at least the inside wall of the 
cavity. 

[0038] The lowermost position of cavity 6 is the posi- 
tion or point where cavity 6 is deepest and is the position 
B where the position of height H and the radial position 
R intersect in the drawing. This lowermost position B ap- 
pears as a circle that makes one circuit around axis C. 
The limit on the small side of 8 in the conventional injec- 
tion mode is lowermost position B and the limit on the 
large side of 9 is the position of intersection K where the 
side wall 10 of cavity 6 and piston crown 11 intersect. 
The injection angle 9 is set such that, in the conventional 
injection mode, fuel cannot arrive at or collide with the 
cavity inside wall between this lowermost position B and 
intersection position K. 

[0039] Also, in the homogenious charge compression 
injection mode, the fuel may reach the inside wall of the 
cavity, the essential point being that the fuel should be 
capable of entering cavity 6. The only limit of 0 is there- 
fore intersection position K on the large side, but there 
is no limit of 9 on the small side. The reason why this is 
possible is that, in this mode, fuel is injected earlier than 
normal, so the ignition lag time is increased, with the 
result that meanwhile all of the fuel can mix with air, so 
the problem of unburnt HC does not arise. 
[0040] The relationship between injection angle e (or 
angle of opening 26) and the injection timing will next be 
described using the Figure. First of all, let us assume 
that fuel injection is performed in the conventional injec- 
tion mode when piston 2 is in the uppermost position 
shown,. Also, in the homogenious charge compression 
injection mode, let us assume that fuel injection is per- 
formed when piston 2 is in an illustrated position BTDC 
20°, 30°, 40° or 50°. Position BTDC 60° is also shown, 
but this is depicted only for reference. 
[0041] Injection angle 9=77.5° (29 = 1 55°) which is the 
uppermost position shown is a typical value that can be 
adopted for an ordinary engine. In this case, the above 
condition is of course satisfied in the case of the con- 
ventional injection mode and the above condition is sat- 
isfied even in the homogenious charge compression in- 
jection mode if the injection commencement timing is 
BTDC 20° or 30°. However, in the case of BTDC 40° 
and 50°, this condition is not satisfied; therefore, in the 
case where the injection commencement timing of the 
homogenious charge compression injection mode is 
BTDC 20° or 30°, an injection angle 6=77.5° (29=155°) 
may be adopted. 

[0042] 6=70° (26=140°) also satisfies the above con- 
dition of the conventional injection mode. If, in the ho- 
mogenious charge compression injection mode, the in- 
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jection commencement timing is BTDC 20° or 30° , the 
above condition is satisfied, but in the case of BTDC 40° 
and 50°, the above condition is not satisfied. Conse- 
quently, if the injection commencement timing of the ho- 
5 mogenious charge compression injection mode is BT- 
DC 20° or 30°, injection angle 6=70° (26=140°) may be 
adopted. 

[0043] If 6=62.5° (26=125°), the above condition of 
the conventional injection mode is also satisfied. If, in 

10 the homogenious charge compression injection mode, 
the injection commencement timing is BTDC 20°, 30° 
or 40°, the above condition is satisfied, but when the 
timing is BTDC 50°, the above condition is not satisfied. 
Consequently, if the injection commencement timing in 

15 the homogenious charge compression injection mode 
is BTDC 20°, 30° or 40°, an injection angle 6=62.5° 
(26=125°) may be adopted. 

[0044] 6=55° (26=110°) does not satisfy the above 
condition of the conventional injection mode. In this 

20 case, the above condition is satisfied for any injection 
commencement timing (BTDC 20°, 30°, 40° or 50°) of 
the homogenious charge compression injection mode. 
However, the above condition is not satisfied in the con- 
ventional injection mode. An injection angle 6=55° 

25 (26=11 0°) can therefore not be adopted. 

[0045] Thus, in the determination of injection angle 6, 
the diameter and/or depth of cavity 6 are related to the 
injection commencement timing of the homogenious 
charge compression injection mode in particular, but, 

30 whatever the case, by selecting an angle such as to sat- 
isfy the above condition, discharge of unburnt HC in the 
conventional injection mode and/or collision etc of fuel 
mist with the side wall within cylinder 2 in the homoge- 
nious charge compression injection mode can be pre- 

35 vented. In the case of the conventional injection mode, 
by injecting fuel such that the fuel arrives at the inside 
wall of the cavity on the outside in the radial direction 
with respect to the lowermost position of cavity 6, the 
fuel after colliding with the inside wall of the cavity can 

40 be made to flow in the radially outward direction along 
the inner wall of the cavity, thereby becoming diffused 
and so making it possible to utilize air over a wider 
range; thus desirable combustion can be achieved. 
[0046] However, it is desirable for combustion to oc- 

45 cur in a position as remote as possible from the under- 
surface of cylinder head 4. The reason for this is that a 
water jacket is formed in the interior of cylinder head 4 
so that cylinder head 4 is cooled by cooling water; con- 
sequently, if combustion occurs in the vicinity of the un- 

50 dersurface of the cylinder head, heat is abstracted by 
cylinder head 4, causing thermal efficiency to be low- 
ered, which is disadvantageous in regard to fuel con- 
sumption and causes black smoke to be generated. 
[0047] From this standpoint it is therefore desirable 

ss that the injection angle 6 be as small as possible. It has 
been discovered by experiment that if the injection angle 
6 is equal to or less than 67.5° (26=1 35°), fuel consump- 
tion is improved and black smoke is suppressed. It is 
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therefore preferable that the injection angle 6 be equal 
to or less than 67.5°. 

[0048] Furthermore, in this embodiment, thermal effi- 
ciency and the fuel consumption are improved by mak- 
ing it more difficult for heat to be abstracted by piston 2, 
by employing a cavity shape with a surface area which 
is as small as possible. Also, since combustion in cavity 
6 occurs chiefly on the outside, so that the rate of utili- 
zation of air in the middle of the cavity is low, protrusion 
9 is formed so as to fill up this wasted portion: thus cavity 
6 presents a toroidal combustion chamber configura- 
tion. 

[0049] Also, in the case of the homogenious charge 
compression ignition combustion, it was found that sup- 
pressing air flow within combustion chamber 5 as far as 
possible lowers the combustion temperature and makes 
it possible to decrease NOx and furthermore makes it 
possible to improve fuel consumption by suppressing 
heat loss. Consequently, for cavity 6 in this embodiment, 
a shape is adopted that has no lip projecting inwards in 
the radial direction at the cavity inlet i.e. which is not of 
the so-called re-entrant type. Specifically, it is known 
that, in the case of a re-entrant type, in general the swirl- 
retaining capability within the cavity is high, thereby also 
conferring swirl on the air outside the cavity during the 
expansion stroke and promoting movement of air within 
the entire combustion chamber; this makes possible 
more vigorous combustion and so is desirable in the or- 
dinary combustion mode. However, in the case of ho- 
mogenious charge compression ignition combustion, 
premixed vapor is formed from the beginning, facilitating 
combustion, so, if combustion becomes too vigorous, 
the combustion temperature becomes elevated, in- 
creasing NOx. Also, to the extent that the combustion 
temperature is elevated, heat loss also increases, ad- 
versely affecting fuel consumption. Therefore, in this 
embodiment, in which homogenious charge compres- 
sion ignition combustion is performed, a re-entrant type 
cavity is not adopted. Forthis reason, a low-swirl shape 
may also be adopted for the air intake port. 
[0050] Various other embodiments of the present in- 
vention may also be adopted. 

[0051] To summarize the above : with the present in- 
vention, the excellent benefits are exhibited that fuel in- 
jection is performed in a suitable manner in all regions 
of engine operation while also realizing homogenious 
charge compression ignition combustion and achieving 
cleaning of the exhaust gas and reduction of fuel costs. 



Claims 

1. A direct injection diesel engine comprising a com- 
bustion chamber defined by a cylinder, cylinder 
head and piston, a cavity formed as a recess in said 
piston defining and forming part of said combustion 
chamber, and a fuel-injection nozzle that injects fuel 
into said combustion chamber, in which there are 



10 

provided an conventional injection mode in which 
fuel is injected from said fuel injection nozzle with a 
timing in the vicinity of the compression top dead 
center of said piston and a homogenious charge 

5 compression injection mode In which fuel Is Injected 
from said fuel injection nozzle with a timing that is 
earlier than that in the conventional injection mode 
and such that fuel ignition does not occur at least 
until injection has been completed, fuel injection be- 

io jng performed by said conventional injection mode 
during full load operation of the engine and fuel in- 
jection being performed by said homogenious 
charge compression injection mode during part 
load operation of the engine. 

15 

2. The direct injection diesel engine according to claim 
1 , characterized in that a case in which the excess 
air ratio X is less than 2.5 is identified as full load 
operation whereby fuel injection is performed in 

20 said conventional injection mode, and a case in 
which the excess air ratio k is at least 2.5 is identi- 
fied as part load operation whereby fuel injection is 
performed in said homogenious charge compres- 
sion injection mode. 

25 

3. The direct injection diesel engine according to claim 
1 or claim 2, characterized in that the injection an- 
gle of said fuel injection nozzle with respect to the 
nozzle axis is a fixed angle such that in said con- 

30 ventional injection mode fuel reaches the inside wall 
of the cavity on the outside in the radial direction 
from the lowermost position of said cavity and in 
said homogenious charge compression injection 
mode fuel reaches at least the inside wall of the cav- 

35 ity. 

4. The direct injection diesel engine according to claim 
3 characterized in that said injection angle is equal 
to or less than 67.5°. 

40 

5. The direct injection diesel engine according to any 
of claims 1 through 4, characterized in thatthe tim- 
ing of commencement of fuel injection in said ho- 
mogenious charge compression injection mode is 

45 subsequent to 50° before compression top dead 
center and prior to 20°. 

6. The direct injection diesel engine according to any 
of claims 1 through 5, characterized in that a pro- 

so trusion is formed in the middle of the bottom wall of 
said cavity, the sidewall of said cavity being consti- 
tuted with a face such that throttling is not formed 
at the cavity inlet. 

55 
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(54) Direct Injection diesel engine 

(57) Cleaning of exhaust gas and reduction of fuel 
costs are aimed at while realizing homogenious charge 
(or pre-mixing) compression ignition combustion and 
performing fuel injection In a suitable manner in all re- 
gions of engine operation. In a direct injection diesel en- 
gine there are provided an conventional injection mode 
in which fuel is injected with a timing (I) in the vicinity of 
the compression top dead center of piston (1) and a ho- 
mogenious charge compression injection mode in which 
fuel is injected with a timing (II to V) which is earlier than 
that in the conventional injection mode, and such that 



fuel ignition does not occur at least until injection has 
been completed, fuel injection being performed by the 
conventional injection mode during full load operation of 
the engine and fuel injection being performed by the ho- 
mogenious charge compression injection mode during 
part (low/medium) load operation of the engine. Ordi- 
nary diffusion combustion is realized when operating the 
engine under full load yet while receiving the benefit of 
amelioration of exhaust gas etc due to homogenious 
charge compression ignition combustion; thus, suitable 
fuel injection can be implemented over the entire oper- 
ating range. 
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